**Core tip:** Autoimmune hepatitis (AIH) is generally responsive to immunosuppressive treatment, and corticosteroids are commonly used for the initial and maintenance treatments. However, corticosteroid treatment must be discontinued in some patients because of several side effects. This study aimed to evaluate the therapeutic effects of ursodeoxycholic acid (UDCA), which has high tolerability and no severe side effects, on AIH. Our results suggest that to prevent adverse events related to corticosteroids, treatment with UDCA alone for AIH needs to be considered in selected patients, especially those with an alanine aminotransferase level of 200 IU/L or lower. This utility of UDCA must be confirmed in a prospective study.

INTRODUCTION
============

Autoimmune hepatitis (AIH) is an unresolving progressive liver disease that affects females preferentially and is characterized by interface hepatitis, hyper-gammaglobulinemia, circulating autoantibodies, and a favorable response to immunosuppression. The aim of treatment in AIH is to obtain complete remission of the disease and to prevent further progression of liver disease, which generally requires permanent maintenance therapy. Corticosteroids have been widely used as the first choice drug treatment of AIH\[[@B1],[@B2]\]. However, long-term treatment with a generous corticosteroid dosage may induce predictable side effects, such as cosmetic changes (facial rounding, dorsal hump formation, striae, weight gain, acne, alopecia, and facial hirsutism) or even more dreadful complications, such as osteopenia, brittle diabetes, psychosis, pancreatitis, opportunistic infections, labile hypertension, and malignancy\[[@B3]-[@B7]\]. Consequently, corticosteroid treatment must be discontinued in 13% of patients. Of those withdrawn from therapy, most have intolerable cosmetic changes or obesity (47%), osteoporosis with vertebral compression (27%), and/or difficult-to-control diabetes (20%)\[[@B4],[@B8]\]. Because AIH predominantly affects middle-aged women, the presence of cosmetic issues is one of the key factors for maintaining drug compliance. Cosmetic issues may lead to emotional problems that result in treatment failure and a poor prognosis. Thus, a strategy to reduce the adverse effects of corticosteroid treatment is needed.

Ursodeoxycholic acid (UDCA) has been widely used as the first choice for treating primary biliary cirrhosis (PBC) and has been established as clinically useful\[[@B9]-[@B11]\]. No severe side effects have been reported during UDCA therapy for PBC\[[@B12]\]. Although there are reports that UDCA is also useful for treating similar autoimmune liver diseases, its clinical value has not as yet been established\[[@B13]-[@B15]\]. In this study, patients with a confirmed diagnosis of AIH who started treatment with UDCA alone were analyzed, and the results are reported.

MATERIALS AND METHODS
=====================

Patients
--------

The present study included 136 patients who were diagnosed with AIH between 1975 and 2011 at the Division of Gastroenterology and Hepatology, Department of Internal Medicine, The Jikei University Hospital (Tokyo, Japan). All of the patients had at least a probable diagnosis on the basis of either the revised scoring system, as proposed by the International Autoimmune Hepatitis Group in 1999\[[@B16]\], or the simplified scores\[[@B17]\]. All of the patients underwent a liver biopsy. In this study, patients with no histological fibrosis (F0) were excluded. Chronic viral hepatitis B and C were excluded by serological testing in all of the patients. Patients with an overlapping syndrome or a coexistent liver disease (*e.g*., primary biliary cirrhosis, primary sclerosing cholangitis, nonalcoholic fatty liver disease, or alcohol-induced liver injury) were also excluded by medical history, serological data and histological finding. So, patients with positive antimitochondrial antibody were excluded. Of the 136 patients, 48 received UDCA (Group U) after diagnosis, and the remaining 88 received prednisolone (PSL) (Group P). Furthermore, Group U was divided into the following subgroups: Subgroup A, consisting of 33 patients with a serum alanine aminotransferase (ALT) level of 200 IU/L or lower at the start of treatment; Subgroup B, consisting of 29 patients in whom histological activity on liver biopsy before the start of treatment was determined to be A1 on the basis of the classification of Desmet et al\[[@B18]\]; Subgroup C, consisting of 24 patients who were included in both Subgroups A and B; Subgroup D consisting of 15 patients with a serum ALT level of 200 IU/L or higher at the start of treatment; Subgroup E consisting of 19 patients in whom histological activity was A2 or A3 before the start of treatment; and Subgroup F consisting of 10 patients who were included in both Subgroups D and E. The clinical characteristics of the study subjects are presented in Table [1](#T1){ref-type="table"}.

###### 

Clinical features of the two groups classified according to the therapeutic agent

                         **Group U (*n* = 48)**   **Group P (*n* = 88)**   ***P***
  ---------------------- ------------------------ ------------------------ ----------
  Age (yr)               45 (17-74)               51 (15-78)               ns
  Sex (female)           45 (93.8%)               65 (73.9%)               \< 0.01
  Acute presentation     5 (10.4%)                31 (36.5%)               \< 0.01
  Laboratory data                                                          
  AST (IU/L)             104 (46-1234)            303 (31-2215)            \< 0.001
  ALT (IU/L)             149 (52-1000)            431 (38-2801)            \< 0.001
  T.Bil (mg/dL)          0.8 (0.3-18)             1.3 (0.4-19.3)           \< 0.05
  ALP (U/L)              300 (144-1184)           369 (145-4420)           ns
  γ-GTP (U/L)            82 (13-875)              183 (12-1256)            \< 0.05
  IgG (mg/dL)            1954 (1096-3793)         2336 (1051-5776)         \< 0.01
  ANA (≥ 1 : 40)         46 (95.8%)               83 (94.3%)               ns
  SMA (≥ 1 : 40)         11/23 (47.8%)            35/45 (77.8%)            \< 0.05
  HLA DR4                6/16 (37.5%)             33/57 (57.9%)            ns
  Histological finding                                                     
  Grading                                                                  
  A1                     29 (60.4%)               25 (28.4%)               \< 0.01
  A2                     18 (37.5%)               44 (50%)                 
  A3                     1 (2.1%)                 19 (21.6%)               
  Staging                                                                  
  F1                     35 (72.9%)               43 (48.9%)               \< 0.05
  F2                     6 (12.5%)                28 (31.8%)               
  F3                     6 (12.5%)                10 (11.4%)               
  F4                     1 (2.1%)                 7 (8.0%)                 
  AIH score                                                                
  Revised score          15 (10-20)               16 (7-23)                ns
  Simplified score       6 (4-8)                  6 (3-8)                  ns

Continuous variables are expressed as median (range) values. The Mann-Whitney *U* test was used to evaluate differences in continuous variables between two groups. Dichotomous variables were compared by Pearson's χ^2^ test. Values of *P* \< 0.05 were considered significant. ALT: Alanine aminotransferase; AIH: Autoimmune hepatitis; AST: Aspartate transaminase; HLA: Human leukocyte antigen; ANA: Antinuclear antibody; ALP: Alkaline phosphatase; γ-GTP: γ-glutamyltransferase; SMA: Smooth muscle antibody; ns: No significant difference; T.Bil: Total bilirubin; IgG: Immunoglobulin G.

In each group and subgroup described above, subsequent clinical courses, changes in treatment, and histological findings at the time of diagnosis were evaluated. Moreover, Group U was divided into Subgroup U1, consisting of patients who had achieved remission induction with UDCA monotherapy and showed no sign of relapse, and Subgroup U2, consisting of patients who additionally received PSL during follow-up. Laboratory test results and histopathological findings at the time of diagnosis were compared between Subgroups U1 and U2 (Table [2](#T2){ref-type="table"}).

###### 

Clinical features of the two subgroups classified according to the effect of ursodeoxycholic acid

                         **Subgroup U1[1](#T2FN1){ref-type="table-fn"}** **(*n* = 34)**   **Subgroup U2[2](#T2FN2){ref-type="table-fn"}** **(*n* = 14)**   ***P***
  ---------------------- ---------------------------------------------------------------- ---------------------------------------------------------------- ---------
  Age (yr)               42 (17-74)                                                       48 (21-66)                                                       ns
  Sex (female)           33 (97.1%)                                                       12 (85.7%)                                                       ns
  Acute presentation     4 (11.8%)                                                        1 (7.1%)                                                         ns
  Laboratory data                                                                                                                                          
  AST (IU/L)             93 (46-505)                                                      144 (50-1234)                                                    0.024
  ALT (IU/L)             124 (52-742)                                                     262 (65-1000)                                                    0.023
  T.Bil (mg/dL)          0.7 (0.3-18)                                                     1.0 (0.3-2)                                                      ns
  ALP (U/L)              300 (144-1184)                                                   300 (168-924)                                                    ns
  γ-GTP (U/L)            86 (16-875)                                                      67 (13-405)                                                      ns
  IgG (mg/dL)            1959 (1096-3800)                                                 1960 (1476-3793)                                                 ns
  ANA (≥ 1 : 40)         32 (94.1%)                                                       14 (100%)                                                        ns
  SMA (≥ 1 : 40)         8/17 (47.1%)                                                     3/6 (50%)                                                        ns
  HLA DR4                4/11 (36.4%)                                                     2/5 (40%)                                                        ns
  Histological finding                                                                                                                                     
  Grading                                                                                                                                                  
  A1                     24 (70.6%)                                                       5 (35.7%)                                                        0.025
  A2                     10 (29.4%)                                                       8 (57.1%)                                                        
  A3                     0 (0%)                                                           1 (7.1%)                                                         
  Staging                                                                                                                                                  
  F1                     25 (73.5%)                                                       10 (71.4%)                                                       ns
  F2                     4 (11.8%)                                                        2 (14.3%)                                                        
  F3                     5 (14.7%)                                                        1 (7.1%)                                                         
  F4                     0 (0%)                                                           1 (7.1%)                                                         
  AIH score                                                                                                                                                
  Revised score          15 (10-19)                                                       17 (12-20)                                                       ns
  Simplified score       6 (4-8)                                                          6 (6-7)                                                          ns

Subgroup U1, normalized ALT and sustained remission;

Subgroup U2, non-normalized ALT or relapse. Continuous variables are expressed as median (range) values. The Mann-Whitney *U* test was used to evaluate differences in continuous variables between two groups. Dichotomous variables were compared by Pearson's χ^2^ test. Values of *P* \< 0.05 were considered significant. ALT: Alanine aminotransferase; AIH: Autoimmune hepatitis; AST: Aspartate transaminase; HLA: Human leukocyte antigen; ANA: Antinuclear antibody; ALP: Alkaline phosphatase; γ-GTP: γ-glutamyltransferase; SMA: Smooth muscle antibody; T.Bil: Total bilirubin; IgG: Immunoglobulin G; ns: No significant difference.

This study complied with the standards of the Declaration of Helsinki and the current ethical guidelines, and was approved by the institutional ethics board. Written, informed consent for participation in this study was not obtained from the patients, because this study did not report on a clinical trial and the data were retrospective in nature and analyzed anonymously.

Treatment
---------

PSL was used as the standard initial treatment. Taking into account body weight, the initial dose was set between 30 and 40 mg/d, with subsequent reduction after improvement in liver function had been confirmed.

In mild clinical cases with both histological low-grade inflammatory activity and adequate residual capacity of liver function, the initial treatment was UDCA alone. The initial dose of UDCA was set at 600 mg/d (10-13 mg/kg per day) in accordance with Japanese guideline for the treatment of PBC. The dosage was neither increased nor decreased during the treatment period. PSL was also administered, as described above, when an incomplete response to UDCA monotherapy or relapse was observed.

Follow-up
---------

Each patient underwent a comprehensive clinical review and physical examination at each follow-up visit. Conventional laboratory blood tests were performed every 1-3 mo.

Criteria for the remission and relapse of AIH
---------------------------------------------

Remission was defined as a normalization of serum ALT levels after the start of treatment. The judgement of remission for UDCA monotherapy was carried out within at least 18 mo after initiation of therapy. Relapse was defined as an increase in serum ALT levels to more than twice the upper normal limit following the normalization of serum ALT levels with medical treatment.

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS statistical program (release 16.0.1 J, SPSS, Inc., Chicago, IL). Continuous variables are expressed as medians and ranges. The Mann-Whitney *U* test was used to evaluate differences in continuous variables between two groups. Dichotomous variables were compared by Pearson's χ^2^ test. Multivariate analyses by logistic regression were used to identify independent factors contributing to the response to UDCA monotherapy. Values of *P* \< 0.05 were considered significant.

RESULTS
=======

Comparison of clinical features among two groups classified according to initial treatment
------------------------------------------------------------------------------------------

As the initial treatment, of the 136 patients, 48 received UDCA monotherapy (Group U) and 88 received PSL monotherapy (Group P). There were no differences between Groups U and P in age, serum levels of alkaline phosphatase, the frequencies of positivity for antinuclear antibody or human leukocyte antigen DR4, and scores derived from either the old or the new scoring system. However, compared with Group P, Group U had significantly lower serum levels of aspartate transaminase (AST) (104 IU/L *vs* 303 IU/L, *P* \< 0.001), ALT (149 IU/L *vs* 431 IU/L, *P* \< 0.001), total bilirubin (0.8 mg/dL *vs* 1.3 mg/dL, *P* \< 0.05), γ-glutamyltransferase (82 U/L *vs* 182 U/L, *P* \< 0.05), and immunoglobulin G (1954 mg/dL *vs* 2336 mg/dL, *P* \< 0.01), and lower frequencies of male sex, acute presentation, and positivity for smooth muscle antibody at the onset. Additionally, Group U had a significantly higher proportion of patients with mild inflammation and fibrosis (A1 and F1) on histological examination (28.4% *vs* 60.4%, *P* \< 0.01, and 48.9% *vs* 72.9%, *P* \< 0.05) (Table [1](#T1){ref-type="table"}). Cumulative incidence of the normalization of serum ALT levels was 80% in Group P.

UDCA monotherapy as initial treatment
-------------------------------------

The follow-up durations were 49 (range: 8-156) mo in Group U. In Group U, 34 patients (71%) achieved and maintained remission over 49 (range = 8-90) mo (Subgroup U1), and 14 patients (29%) additionally received PSL during follow-up (Subgroup U2). Two patients in Subgroup U2 achieved remission induction once but additionally required PSL administration because of relapse (15 and 35 mo after the start of treatment). The remaining 12 patients in Subgroup U2 failed to achieve remission induction during follow-up, and PSL was added during 7 (range: 2-18) mo.

Comparison of clinical features among two subgroups classified according to the effect of UDCA
----------------------------------------------------------------------------------------------

The rate of numbers was 73% in Subgroup U1 and 27% in Subgroup U2. Compared with Subgroup U2, Subgroup U1 had significantly lower ALT levels at onset (124 IU/L *vs* 262 IU/L, *P* = 0.023) and a significantly higher proportion of patients with mild inflammation (A1) on histological examination (70.6% *vs* 35.7%, *P* = 0.025) (Table [2](#T2){ref-type="table"}). However, there were no differences between Subgroups U1 and U2 in other clinical features, as shown in Table [2](#T2){ref-type="table"}.

Predictive factors associated with normalized ALT and sustained remission with UDCA monotherapy in AIH patients
---------------------------------------------------------------------------------------------------------------

When multivariate analysis was performed to identify factors contributing to the response to UDCA monotherapy, a serum ALT level of 200 IU/L or lower was found to be associated with a significant difference (Table [3](#T3){ref-type="table"}).

###### 

Multivariate logistic regression analysis of factors associated with normalized alanine aminotransferase and sustained remission of ursodeoxycholic acid monotherapy in autoimmune hepatitis patients

  **Factor**                            **Category**     **Odds ratio (95%CI)**   ***P***
  ------------------------------------- ---------------- ------------------------ ---------
  ALT (IU/L)                            \> 200           1                        
                                        ≤ 200            10.8 (1.64-71.0)         0.013
  Age                                   \> 50            1                        
                                        ≤ 50             1.16 (0.21-6.38)         0.86
  IgG                                   \> 2000          1                        
                                        ≤ 2000           0.65 (0.10-4.32)         0.66
  Acute presentation                    No               1                        
                                        Yes              4.13 (0.15-110.5)        0.4
  Histological Grading                  A2 or A3         1                        
                                        A1               0.76 (0.10-5.88)         0.8
  Histological Staging                  F2 or F3 or F4   1                        
                                        F1               0.41 (0.04-4.44)         0.46
  AIH score                             \> 15            1                        
  (International diagnostic criteria)   ≤ 15             2.66 (0.43-16.48)        0.29
  AIH score                             \> 6             1                        
  (Simplified criteria)                 ≤ 6              5.46 (0.37-81.3)         0.22

ALT: Alanine aminotransferase; AIH: Autoimmune hepatitis.

On subgroup analysis, remission was induced and maintained by UDCA in 85%, 83% and 92% of patients in Subgroups A, B, and C, respectively. In these subgroups, high rates of remission induction and successful maintenance were achieved by UDCA. On the other hand, the rates of remission induction and successful maintenance in Subgroups D, E and F were low, at 40%, 53%, and 50%, respectively (Figure [1](#F1){ref-type="fig"}).

![Remission rate of each subgroup with ursodeoxycholic acid therapy. Remission was induced and maintained by ursodeoxycholic acid in 85%, 83% and 92% of patients in Subgroups A, B and C, respectively. On the other hand, the rates of remission induction and successful maintenance in Subgroups D, E, and F are low, at 40%, 53% and 50%, respectively. ALT: Alanine aminotransferase.](WJH-9-57-g001){#F1}

DISCUSSION
==========

UDCA has been widely used as the first choice drug for the treatment of PBC\[[@B9]-[@B11]\]. This is because of its efficacy for cholestasis, exerted through its choleretic action which is well understood\[[@B19]\]. In addition to its choleretic action, UDCA reportedly has a protective action on hepatocytes and an immunomodulatory action\[[@B20]\]. In fact, it has also been reported that the administration of UDCA reduces elevated serum immunoglobulin levels in patients with PBC, which is one of the clinical characteristics of PBC\[[@B9],[@B21]\]. *In vitro* studies have also shown that UDCA inhibits immunoglobulin production by peripheral lymphocytes in a concentration-dependent manner\[[@B22]\]. Although the UDCA level required to inhibit immunoglobulin production is approximately 10 times the blood concentration after administration of UDCA at routine doses\[[@B22]\], similarly high levels apparently exist in hepatocytes secreting bile, in other words, in the liver. Thus, UDCA may exert a liver-specific immunosuppressive action. This indicates that UDCA can be administered to achieve immunosuppression in patients with AIH. Miyake et al\[[@B13]\] demonstrated in a small-scale study that UDCA is effective for AIH. Moreover, the administration of UDCA has also been shown to allow corticosteroid doses to be tapered\[[@B14]\].

In this study, 71% of the UDCA group achieved and maintained the normalization of serum ALT levels with UDCA monotherapy. Especially, the present study also identified that in 85% of the patients with ALT levels of 200 IU/L or lower at the start of treatment, AIH remission could be induced and maintained by UDCA monotherapy. So, UDCA monotherapy will be effective in some Japanese AIH patients. However, in this study, patients treated with UDCA monotherapy had lower serum ALT levels and milder histological activity and fibrosis at presentation than those treated with PSL as shown in Table [1](#T1){ref-type="table"}. Hence, it is necessary to consider that usefulness of UDCA was presented in mild AIH group. In the future, utility of UDCA must be confirmed in a prospective study.

On the other hand, among these mild AIH patients, the proportion indicated for UDCA monotherapy was low. On the bases of this finding, the patients in Group U can be considered to have no indications for treatment. In fact, 10-year survival in untreated patients with mild disease was reported to be 67%-90%\[[@B23],[@B24]\], and in an uncontrolled study, untreated asymptomatic patients had similar survival to those receiving immunosuppression\[[@B25]\]. However, it also has to be acknowledged that untreated AIH has a fluctuating, unpredictable disease behavior, and a substantial proportion of asymptomatic patients become symptomatic during the course of their disease follow-up\[[@B25],[@B26]\], and progression towards end-stage liver disease with liver failure and development of HCC is possible\[[@B24]\]. Muratori et al\[[@B27]\] also reported that patients with asymptomatic *vs* symptomatic AIH have similar courses of disease progression and responses to immunosuppressive agents, and should therefore receive the same treatment. Additionally, to exclude patients with transient liver damage that may not have required treatment, patients with no histological fibrosis (F0) were not enrolled in the present study.

According to the AIH Guidelines issued by the American Association for the Study of Liver Diseases in 2010, no treatment is needed for patients with AST and ALT levels close to or below the standard levels\[[@B1]\]. The patients included in the present study did not meet these criteria, but largely met the indications for treatment. While the efficacy of corticosteroids for the treatment of AIH has been established, treatment with corticosteroids is currently the first choice only in patients with appropriate indications\[[@B1],[@B2]\]. However, corticosteroids are associated with adverse events, such that there is often reluctance to administer these drugs. In patients with AIH in Japan, the age at onset and diagnosis has been increasing annually\[[@B28]\]. Particularly in elderly women, many of whom are postmenopausal, there is actually considerable concern regarding osteoporosis. Moreover, in the treatment of AIH, prevention of relapse is the most important issue, and maintenance therapy is thus important. However, because many patients are women, drug compliance can actually be poor due to cosmetic issues. In addition, it has also been pointed out that the incidence of other adverse events is high in elderly patients. The present study subjects had an age distribution between 17 and 74 years, demonstrating that elderly patients with AIH associated with mild liver disorders could be treated with UDCA. Moreover, when the therapeutic effects of UDCA become inadequate, treatment can be continued by switching to corticosteroids, as shown in the present study. Furthermore, treatment with UDCA also has the benefit of eventually allowing the corticosteroid dose to be tapered\[[@B14]\]. A recent nationwide survey on AIH in Japan showed that UDCA monotherapy is administered as the initial treatment in 20% of patients\[[@B28]\], so it is reasonable to assume that the treatment of AIH with UDCA is becoming clinically established. While Czaja et al\[[@B15]\] found UDCA to be effective in a double-blind study, it is important to define criteria for UDCA treatment indications, as in the present study. Although the present study had a retrospective design, the results allow the conclusion to be drawn that UDCA use may be considered in patients with a serum ALT level of 200 IU/L at the time of diagnosis, especially in those who are elderly. Prospective studies on the long-term outcomes of patients receiving UDCA monotherapy are needed.

COMMENTS
========

Background
----------

Autoimmune hepatitis (AIH) is an unresolving progressive liver disease that affects females preferentially and is characterized by interface hepatitis, hyper-gammaglobulinemia, circulating autoantibodies, and a favorable response to immunosuppression. The aim of treatment in AIH is to obtain complete remission of the disease and to prevent further progression of liver disease, which generally requires permanent maintenance therapy. Corticosteroids have been widely used as the first choice drug treatment of AIH. However, long-term treatment with a generous corticosteroid dosage may induce side effects. Ursodeoxycholic acid (UDCA) has been widely used as the first choice for treating primary biliary cirrhosis (PBC) and has been established as clinically useful. No severe side effects have been reported during UDCA therapy for PBC. Although there are reports that UDCA is also useful for treating similar autoimmune liver diseases, its clinical value has not as yet been established. In this study, patients with a confirmed diagnosis of AIH who started treatment with UDCA alone were analyzed.

Research frontiers
------------------

There are few reports that UDCA monotherapy is effective for treating AIH. Moreover, the administration of UDCA has also been shown to allow corticosteroid doses to be tapered. However, its clinical value has not as yet been established.

Innovations and breakthroughs
-----------------------------

Few prior reports showed that UDCA is effective in some AIH patients. However, there is no report which showed independent predictive factors associated with normalized ALT and sustained remission of UDCA monotherapy in AIH patients. The present study showed that ALT levels of 200 IU/L or lower associated with to response to UDCA monotherapy. The results of the authors' study contribute to predict the therapeutic effect of UDCA for patients with AIH.

Applications
------------

This study suggests that that to prevent adverse events related to corticosteroids, treatment with UDCA alone for AIH needs to be considered in selected patients, especially those with an ALT level of 200 IU/L or lower.

Terminology
-----------

UDCA: One of the secondary bile acids, which are metabolic byproducts of intestinal bacteria. It has been widely used as the first choice drug for the treatment of PBC. This is because of its efficacy for cholestasis, exerted through its choleretic action which is well understood. In addition to its choleretic action, UDCA reportedly has a protective action on hepatocytes and an immunomodulatory action.

Peer-review
-----------

This is a very interesting cut off point for future prospective studies to confirm these retrospective results.
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